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1 Introduction

RAN3 has been discussing the possibility to add some additional information to RLF report to detect connection failures due to inter-RAT mobility. RAN3 sent an LS [1] requesting RAN2 to add the information to RLF report if RAN2 thinks it is valuable and feasible. The LS provides suggestions concerning addition of information helping troubleshooting of the Inter-RAT MRO scenarios with highest priority, namely the “Too late handover from E-UTRAN to UTRAN” (scenario 1) and the “Too early handover from UTRAN to E-UTRAN” (scenario 2). This paper provides an analysis on the issues outlined in the RAN3 LS from a RAN2 perspective.

After RAN2 #79bis meeting, there was an email discussion [79bis#25] discussing this issue. The result of email discussion is captured in [2]. This document is trying to perform some analysis and provide some proposals based on the comments presented during email discussion.
2 Discussion and Conclusion

2.1 Scenario 1: Too Late Inter-RAT Handover from E-UTRAN to UTRAN 
Open Issue #1: For selectedUTRA-CellId, what should the UE report?

a) cell global identifier (only); or

b) physical cell identity (only); or

c) cell global identifier and the physical cell identity.

The eNB could use the UTRAN cell where the UE attempts to connect after failure as a potential neighbor cell. This cell may or may not be known to the eNB. It may, for example, be operating on a frequency where the eNB is not performing inter RAT measurements. If the cell is not known, i.e. the neighbour relationship from E-UTRAN cell to UTRAN cell is missing, the eNB needs to trigger ANR to create the missing neighbour relationship. In order to use ANR, the physical identity and the frequency of the cell must be reported. 

Besides, the eNB can also initiate inter RAT measurements to verify whether this is in fact a suitable neighbor before requesting the global information.
Cell global identifier, together with LAI, RAI and RNC-ID can speed up ANR. In fact, if the UTRAN cell is not a registered neighbour of the eNB, the information reported by the UE is sufficient to include the cell in the neighbour relationship table. In other words, the RLF Report works as an ANR measurement, i.e. to save on ANR procedures.
Proposal 1 In scenario 1, the UE shall report physical cell identity.

Proposal 2 In scenario 1, the UE shall report cell global identifier.
Open Issue #2: When should the UE store selectedUTRA-CellId?

Option A:
Upon selecting an inter-RAT cell while T311 is running; or

Option B1:
Upon first RRC connection establishment attempt in UTRAN following RLF in E-UTRA; or

Option B2:
Upon successful RRC connection setup in UTRAN following RLF in E-UTRA.

In LS from RAN3, the request is to store selectedUTRA-CellId after too late HO occurs. There is no restriction that HO must occur before T311 expires. To fulfill the requirements of the solution from RAN3, the selectedUTRAN-CellID shall indicate a neighbour UTRAN cell available for reconnection to the UE. However, option A can not fulfill the requirements in some scenarios, as described below:
· Step 0: a RLF occurs due to “too late HO” from U-TRAN to UTRAN
· Step 1: UE attempts to re-establish in a potential UTRAN target (named CELL1)

· Step 2: Re-establishment to that UTRAN cell fails
· Step 3: UE may

· Either step 3.a: reconnects to another UTRAN cell (named CELL2) (in which case the cell where it reconnects is the best neighbour cell candidate)

· Or step 3.b: reconnects to a cell in LTE (named CELL3).
In this scenario, the real neighbour cell is CELL2 (if UE goes to step 3.a), or CELL3 (if UE goes to step 3.b, and the failure is not IRAT anymore).

With option A and B1, CELL1 will be stored as neighbour cell, which will provide wrong information to network. To fulfill the requirements of RAN3, the reliable information pointing at a real neighbour cell shall be reported. Reporting a cell where reestablishment was attempted but did not eventually succeed might be risky as that cell might not be an available target cell. Therefore the adjustments applied by the eNB might not be sufficient and/or correct for the purpose of resolving the mobility failure. We support option B2, as storing selectedUTRA-CellId upon successful RRC connection setup will support RAN3 scenario more accurately. 
Proposal 3 In scenario 1, the UE shall store selectedUTRA-CellId upon successful RRC connection setup in UTRAN.
Open Issue #3: For Option B1/B2, should the UE report the elapsed time between RLF and the RRC connection establishment attempt/success in UTRAN?
The UE might be moving at very slow speed or not moving at all and it might go to Idle mode after RLF. It might then establish from Idle mode to UTRAN. This is not a case where the timer can help inferring information about coverage holes. Also, note that the RLF Report includes neighbour cell measurements, which are able to provide information about the signal strength from neighbour and serving cells. Those measurements could provide a better understanding of whether there is a coverage hole or not.
Observation 1
The elapsed time between RLF and the RRC connection establishment attempt/success in UTRAN can not provide reliable information as expected.

2.2 Scenario 2: Too Early HO from UTRAN to E-UTRAN

Open Issue #4: For previousUTRA-CellId, what should the UE report?

a) cell global identifier, or the physical cell identity if the cell global identifier is not known; or

b) cell global identifier and the physical cell identifier; or

c) physical cell identifier (only); or
d)  cell global identifier, or nothing if the cell global identifier is not known.
As mentioned in Open Issue 1, physical cell identifier is necessary to help triggering ANR in case the UTRAN cell is not known to the LTE cell where the RLF Report is forwarded. 
Another alternative to get physical cell identifier is to rely on OAM lookup. However, whether the information is stored in OAM, whether and how the information can be accessed from OAM, are all not standardized and will depend on OAM implementation. Physical cell identifier may (or may not) be fetched from OAM. Also, it will couple inter-RAT MRO with OAM unnecessarily, which will limit how to deploy OAM and inter-RAT MRO.

When the UE stores information in the RLF report, UE has physical cell identifier information available already. It is straightforward and simple for UE to report it in the RLF report.

As mentioned in Open Issue 1, cell global identifier can speed up ANR.
Proposal 4 In scenario 2, the UE shall report physical cell identity.

Proposal 5 In scenario 2, the UE shall report cell global identifier if available.
Open Issue #5: Should the UE report the LAI, RAI and RNC-ID along with previousUTRA-CellId?
For scenario 2, RAN3 supports the use of the RAN Information Management (RIM) procedure for transferring the RLF report from the E-UTRAN cell where RLF occurred to the source UTRAN cell of the previous handover (previousUTRA-CellId) in case of Too Early HO. This requires knowledge of the Location Area Identity (LAI), Routing Area Identity (RAI) and RNC Identity (RNC-ID) of the RNC which controls previousUTRA-CellId.

Without LAI, RAI and RNC-ID reported, the eNB must get the information from OAM. As mentioned in Open issue #4, whether and how the eNB can get the information depends on OAM implementation.

When the UE stores information in RLF report, the UE already has LAI, RAI and RNC-ID information available. It is straightforward and simple for UE to report it in RLF report.
Proposal 6 In scenario 2, the UE shall report the LAI, RAI, and RNC-ID together with previousCellId.
3 Conclusion
Based on the discussion in section 2, we make the following proposals.

Proposal 1
In scenario 1, the UE shall report physical cell identity.
Proposal 2
In scenario 1, the UE shall report cell global identifier.
Proposal 3
In scenario 1, the UE shall store selectedUTRA-CellId upon successful RRC connection setup in UTRAN.
Proposal 4
In scenario 2, the UE shall report physical cell identity.
Proposal 5
In scenario 2, the UE shall report cell global identifier if available.
Proposal 6
In scenario 2, the UE shall report the LAI, RAI, and RNC-ID together with previousCellId.
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